Carboxylate groups in receptors are represented by an average position, which is used in the calculation of the TZ pseudo-atom. Based on the distances described in figure 6 , the following ratio R is calculated:
where d1 and d2 are the O1-Zn and O2-Zn distances, respectively, and d3 is the distance between O1-O2. Since d2 ≥ d1, R ranges between 0 and 1, and is used to determine the length L of a vector with origin at O1 and directed towards O2:
where α is a parameter to be determined. If the carboxylate is bidentate, R = 0 and the average position is exactly in the middle of O1-O2. If α = 0, the average position always overlaps O1.
Values for alfa were tested within the range [0, 2.0] (fig 14) using Zn 3,1 sites. Exceptionally, ligand carboxylates were also averaged. The influence of α was assessed by the following cost function:
where i is any atom participating in an angle of the form i-Zn-AC, AC being an average carboxylate.
There is a significant decrease in the RMSD from the ideal tetrahedral angle until α = 0.5, and the minimum lies between 0.6 and 0.7. The final chosen value was 0.5, as it allows the simplification of eq. 5 with the use of the square root of R. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 Unlike common alignment methods, a given coordination sphere is not aligned to another, but to a reference orientation frame with which an ideal tetrahedral geometry could overlap.
The method consists of three steps. First, all atoms are translated such that the x,y,z coordinates of the zinc atom become (0, 0, 0). In the second step, the plane containing the three receptor atoms is defined, and a rotation centered on zinc is performed to make the defined plane orthogonal to the Z axis (parallel to the XY plane). This rotation is made in such a way to place the receptor atoms below the XY plane (with negative values for the Z coordinate). Note that carboxyl groups are represented by the average atom, which is contained in the defined plane. The final step is a rotation over the Z axis, in order to minimize the distance between any receptor atom and vectors with angles 0, 120 and 240 defined in the XY plane.
Linear regression models
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The use of the nbp_r_eps is to update the pairwise interaction radius to 2.0Å.
It is necessary to pre-process receptor molecules to add TZ pseudo-atoms accordingly. Currently, this is done by a Python script, which is availabe at the AutoDock website.
The new atom type TZ is specified in the forcefield table with zero energetic contribution in Van der Waals, H-bonds and desolvation.
Docking preparation and analysis
Complex structures were downloaded from the Protein Data Bank (PDB) 32 and coordinates for ligand and receptor were splitted and processed separately. Ligands preparation. Ligand coordinates were processed with Openbabel 50 to add hydrogens at pH 7.0. AutoDockTools v.1.5.6 51 script prepare_ligand4.py with default settings was used to add Gasteiger-Marsili charges, merge non-polar hydrogens, and assign atom types. Receptor preparation. Receptor structures were pre-processed following the standard AutoDock protocol 51 to convert selenomethionine to standard methionine and remove ions and other unsupported elements (e.g., Na, K, Hg). Hydrogens 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 were added with the Reduce software, 52 using the option NOFLIP to prevent incorrect flipping of zinc-coordinating histidines. AutoDockTools script prepare_receptor4.py with default settings was used to remove all water molecules, assing Gasteiger-Marsili charges, merge non-polar hydrogens and assign atom types. For dockings with the standard forcefield, zinc ions were manually assigned +2.0 charge. For dockings with the new forcefield, the charge of the zinc ions was left to the default value (0.0) and TZ pseudoatoms added with a custom Python script. Grid parameters.
The docking grid box was automatically defined to be centered on ligand coordinates and sized to extend 5 Åfrom any ligand atom. Default settings were used for other grid parameters. The grid parameter file was also use to specify the new forcefield terms for the pairwise interactions in equation 3, using the nbp_r_eps keyword.
Docking parameters. For both calculations involving standard and new forcefields, default GA search settings were used, except for the number of poses generated (ga_run), that was set to 50.
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